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AN EXPERIMENT ON THE EFFECT OF ROOT
PRUNING ON PLANTED CONIFEROUS STOCK
Introduction
In the spring of 1937 an experimental plot was established
in Lot 8 of Stinchfield Woods. The entire plot is 66 by 108 feet
with the four corners marked by 3" by 3" white stakes. The sub-
divisions of the plot, which are seven, have their corners marked
by 2" by 2" unpainted stakes with the exception of the boundary
between plot subdivisions six and seven. These are marked by small
round limbs driven into the ground and surrounded by large stones.
At the time of establishment Austrian pine 2-2 stock and
Western Yellow pine 2-0 stock were planted as follows:
TABLE I
Plot No. Species Age No. Planted Method of Condition of
Planting Roots
1 Austrian 2-2 184 Center hole Unpruned
pine
2 Austrian 2-2 199 Slit Pruned to 6"
pine
3 W. Yellow 2-0 253 Slit Unpruned
pine
4 W. Yellow 2-0 237 Slit Pruned to 6"
pine -
5 W. Yellow 2-0 269 Slit Pruned to 4"
pine
6 Austrian 2-2 100 Center hole Pruned to 6"
pine
7 W. Yellow 2-0 99 Center hole Unpruned
pine
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Since that time it has been the object of the experiment to
obtain data with regard to survival, height growth, root develop-
(1)
mert, and comparison of the slit method to that of the center hole
method of planting. Throughout the paper comparisons will be drawn
by contrasting data obtained and balancing one against the other.
(2)
Discussion and Review of Literature
To understand the question of root-pruning, it is necessary
that the subject be analyzed. We prune the roots
(I) Of plants at transplanting time, to remove injured parts
and to maintain a balance between root and top;
(II) Of established plants -
(1) To keep the growth within bounds, particularly when
it is desired that the plant shall be dwarf;
(2) To concentrate or contract the area of the roots;
(3) To make the plants fruitful.
The first pruning is to be done at the time of planting,
when it is necessary to restore the balance between the branch
system and the root system, the latter often having been curtailed
in the operation of transplanting the tree. First, all injured
roots need attention. Broken ones must be cut with a sharp, even
draw cut, in such a manner that the face is on the lower side, so
that from it new fibrils may form in the natural direction. Bruised
roots, if too much lacerated to promise ready healing, are also
better removed, since they may otherwise become starting points
for rot. If they cannot be dispensed with without too much loss to
the tree their treatment may follow the prescription for treatment
wounds in general.The wounds heal by the formation of a callus,
germs of decay enter exposed wounds, new or adventitious buds or
roots start as the result of heavy pruning and a severed leader
tends to renew itself. The direction of the roots is important -
whether they run horizontally and near the surface, or perpendicular
ly."The direction, however, is not determined primarily by methods
of pruning, but by the nature of the plant, by the soil, and the
(3)
distribution of moisture and food." (1)
In transplanting a three-year-old tree from a nursery, the
necessity will arise for a second root-pruning, the first root-
pruning having taken place when the tree was removed from the
nursery row. The third, or first root-pruning after the tree is
planted in its permanent quarters will probably have to be per-
formed when the tree is between six and eight years old, at which
age it will have to become well established with a tendency to
produce a large amount of woody growth. Root-pruning is most suc-
cessfully performed at the fall of the leaf, or sufficiently early
in the season to afford severed and damaged roots an opportunity
of healing and thereby recovering a healthy condition while the
soil is still warm. If the operation is delayed until December, the
ground temperature has fallen and so new roots are not so readily
formed in the following spring. In treating trees of five or six
year's growth, these can be taken bodily out of the ground, and the
strongest of their roots shortened by the aid of a strong pruning-
knife. Each cut should be made in a slanting direction on the upper
surface, so as to induce the fibrous roots formed later to take a
more horizontal direction through the soil than would be possible
were the cut to be made on the undersurface. Trees from eight to
twelve years old and upwards require considerably more care in root-
pruning than if the operation were performed in a careless or hap-
hazard fashion, the tree will receive a severe check from which it
may never recover. (6)
When the roots are pruned, top growth is checked and, due to
the accumulation of organic food, new root growth is probably rather
rapid until, by increased root growth and reduced top growth, the
normal balance between root and top is reestablished. " Root-pruning
(4)
is of practical importance only under conditions where it is de-
sired to keep trees small." (3)
The new roots usually arise from firm strong roots the size
of a lead-pencil or larger; but they may also arise from the hair-
like roots which are on the tree when it is transplanted. The place
from which the new roots arise is largely determined by the habit
of the individual plant. In some cases, all the roots spring from
the main shaft or trunk, and in others they seem to arise almost
indiscriminately from the trunk, large roots and very fine roots.
Since a large proportion of the'rootlets start from along the old
roots, it seems possible that, by leaving most of the old root
system, more new rootlets might be formed and the tree might thus
make better growth at the start. On the other hand, since the roots
from the old stem are stronger, the new root system formed might,
temporarily at least, be slightly better if a considerable part of
the old root system is cut away, thus encouraging rooting from the
stem. The extreme application of this possibility is made in the
Stringfellow method of pruning, where practically all of the roots
except the central one are cut away, the top being cut back propor-
tionally.'Card (2), planted 25 trees by the Stringfellow method,
with the roots cut back about one-half and the twigs one year old
also shortened about one-half, and 25 with the roots unpruned, but
with the twigs shortened one-half. These were planted in the semi-
arid climate of Nebraska in the spring of 1896. In the spring of
1897 only two trees planted by the Stringfellow method were in good
condition, and by June 1898, while half the trees planted by the
Stringfellow method were in fair condition, they were far behind
those planted by other methods. The trees planted without root-
pruning were in decidedly the best condition. The new rootlets had
(5)
come largely from near the central root of the trees, just as they
had where the roots were pruned back about one-half. In fact, with
trees whose roots were cut back one-half and with those having no
root-pruning, more new roots grew from the central root than grew
from the trees pruned by the Stringfellow method.
When a tree has attained to a fruit bearing size and shows
no indications of fruiting, but continues to maintain a vigorous
growth of branchesand is evidently barren as the result of no fruit,
a good root-pruning will have the effect of encouraging the forma-
tion of fruit buds. Trees in this condition, if root-pruned about
the first of August, will receive a check to growth which will
cause the formation of fruiting buds during the fall and show good
flowering the following spring. (4) " Cutting the roots reduces
the water and mineral supply, checks growth, may cause accumulation
of carbohydrates in the top and generally causes an increase in
fruit-bud formation." (3)
"Heavy pruning of the root tends to lessen the production of
wood. The food supply is cut off. Root-pruning is to be compared to
reduced feeding. One knows that he prunes the tops of transplanted
plants because the roots have been cut, and he must thereby reduce
the area to be supported. Root-pruning is practicable chiefly in
the growing of specimen plants, or in small amateur plantations,
particularly when trees are trained on walls, and the like, that is,
when it is desired to dwarf the plants. It has little place in
usual American horticultural operations." (1)
Root-pruning should be employed with caution, for while the
pruner may improve and still remove a large proportion of the top
without causing injury, a relatively small.reduction of the root
has marked effects and may permanently injure the plant.
(6)
Discussion of Experimental Data
It has been the design of the experiment in the last two
years to take out 206 of the trees in each plot. The removal of
this number from the area acts twofold: first, a thinning is nec-
essary from year to year to keep the beds in a regulated condition,
and second, a certain number of trees must be removed for the
necessary study purposes. After the seedlings were removed, the
most promising criteria were found to be the weight of top and
roots ( the ground line being taken as the dividing point ) and the
ratio between the two, or weight top
weight roots
Only the weight of roots after pruning for field planting was used,
and green weight rather than dry weight was determined for each lot
of plants.
Considerable theoretical justification for such a standard
may be adduced. Other things being equal, the greater the surface
area ( and weight ) of the top, the greater the transpiration; and
the greater the area ( and weight ) of the roots, the greater the
absorption of moisture from the soil. So, given two plants with tops
of the same weight, the one with the heavier root system is able to
absorb more moisture and hence under critical field conditions has
a higher chance of survival.
Two general statements can be made regarding the comparison
of different lots or age classes of a given species:
(1) Of several groups of plants with equal or approximately
equal ratios of tops and roots, that with the greatest weight will
have the greatest or highest survival in the field, given of course,
the same field conditions for all groups;
(2) Of several groups having roots of equal or approximately
(7)
equal weight, that with the lowest ratio of weight of tops to roots
will have the highest survival.
TABLE II
Plot Species Age Method of Condition of Average Average
No. Planting Roots at Top-Root Height
Planting Ratio in Inches
1 Austrian 4-2 Center hole Unpruned 1.97 18.84
pine
2 Austrian 4-2 Slit Pruned to 6" 1.20 15.26
pine
3 W. Yellow 4-0 Slit Unpruned 3.78 6.12
pine
4 W. Yellow 4-0 Slit Pruned to 6" 3.38 5.76
pine
5 W. Yellow 4-0 Slit Pruned to 4" 4.18 5.59
pine
6 Austrian 4-2 Center:hole Pruned to 6" 2.10 17.16
pine
7 W. Yellow 4-0 Center hole Unpruned 4.49 7.22
pine
Table II indicates the average top-root ratio and average height
in inches for each species and condition.
Comparison of Results
A. Austrian ine
It will be noticed that in plot 6 which is pruned to six
inches and planted by the center hole method the top-root ratio is
largest as compared to the other plots. This means that the root
system is small with respect to the top of the tree and this is
affirmed by the average height figure in the last column of Table II.
So far the Austrian pine planted by the slit method is much more
balanced with regard to top-root ratio than that planted by the
center hole method. The tops, on the other hand, show greater pro-
gress to response when planted by the center hole method.
However, it can be seen definitely that the unpruned stock
(8)
is well balanced. The root system and top ratio are weighted
against each other one to two. The average height of the seedlings
is greater than in any of the pruned stock, which proves the theory,
so far, that root-pruning retards the growth of the top.
B. Western Yellow pine
Again it is seen in the Western Yellow pine figures that the
stock planted by the center hole method shows the largest average
height growth in inches. Also, the top-root ratio is the largest
when planted by the center hole method, which proves that the root
system is small in comparison to the top. It is hard to say, now,
whether the trees planted by the center hole method will retain
as large a survival count as those planted by the slit method. It
may possibly regain its'balance within a short time, but will be a
good point to note in future work on this experiment.
Again the unpruned stock show greater height growth, but at
the same time the top-root ratios are not consistent in any form
to draw upon a conclusion. However, those trees which were pruned
to six inches show a better developed root system and greater
height growth as compared to those pruned to the shortest length
of four inches.
Comparison of Figures
A. Austrian pine
Figure I - The seedling on the left of the figure was left
unpruned and planted by the center hole method, while the one on the
right was pruned to six inches and planted by the same method. The
figure affirms the data, in that, the unpruned seedling is greater
in average height and looks healthier and stronger than the one
which was pruned. The central root is larger and stronger with many
tributary rootlets branching off. As expected the roots have attain-
(9)
ed a greater length as indicated by the blocked-off two inch squares
although the ratio of root to top is nearly equalized.
Close observation shows that the stems of the Austrian pine
on this figure as well as all succeeding figures are girdled well
above the ground line. This is accounted for by the mice in the
area and the rather mild snow within the past winter. Why they
should prefer the bark of Austrian pine to that of Western Yellow
pine is still a question in my mind, however, it may just be a
matter of preference. FIGURE I
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Figure II - The seedling on the left of the figure was left
unpruned and planted by the center hole method, while the seedling
on the right was pruned to six inches and planted by the slit
method. The figure runs in course with the data obtained, in that,
FIGURE II
the average height of the unpruned is very much greater than the
pruned ( a difference in &ctual. figures of 3.58 inches ) - height
growth difference like that within only two years is something to
(11)
note. The root system as seen on the pruned seedling planted by the
slit method is developed in equal proportion to the top. It shows
indication of healthy stock. Again the unpruned specimen is sturdier
looking with a large branching network of roots.
Figure III - The seedling on the left of the figure was
pruned to six inches and planted by the center hole method, whilb
FIGURE III
(12)
the seedling on the right was pruned to six inches and planted by
the slit method. The slit method of planting shows a greater lux-
uriance of root system over that of the center hole method of plant-
ing and this is substainted by the data. The comparative top-root
ratios are 1.2 for the slit as to 2.1 for the center hole or almost
twice as much root system in the slit method of planting. The stems
are about of equal thickness and both appear equally strong, but it
can be rest assured that with such a substaintial root system in the
slit planted seedling, the tops cannot help but show a marked pro-
gress in the future.
E. Western Yellow pine
Figure IV - The seedlings on the figure read from left to
right as follows: unpruned and planted by the slit method; unpruned
FIGURE IV
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(13)
and planted by the center hole method; unpruned and planted by the
center hole method; pruned to six inches and planted by the slit
method; and pruned to four inches and planted by the slit method.
To simplify this discussion let us consider, first, the un-
pruned slit and unpruned center hole methods. It will immediately
be noticed that the top of the seedling planted by the slit method
is smaller in proportion to its associate and this is materially
upheld by the data, which shows a divergence of 1.1 inches in height
growth. The roots, on the other hand, are more tributary and branch-
ingin the slit planted seedling, but the contrast as yet is not too
greatly noticed.
Next, letius compare the unpruned center hole to the pruned
slit planted seedlings, six and four inches respectively. At present
the top-root ratios differ only slightly between the unpruned and
pruned, the greatest divergence being in the six inch pruned. The
average height of the pruned are just about equal, but the unpruned
has shot far ahead in top development, roughly in access of 1.5
inches. Again,, it can be stressed that the tops excellerate their
growth by remaining in the natural unpruned condition and look as
though they could survive unfavorable conditions more readily.
Figure V - The seedlings on this figure read from left to
right as follows: unpruned and planted by the slit method; pruned
to six inches and planted by the slit method; unpruned and planted
by the slit method; and pruned to four inches and planted by the s
slit method. The two unpruned seedlings both have a judicious root
and top development and show equal developments as to sturdiness,
health, height, and ratio. On the other hand, the seedling which was
pruned to four inches appears to have a much better developed root
system than the one pruned to six inches. The length of the entire
(14)
root systems Rre about the same, but the top of the four inch spec-
mens has reached far out ahead of its associate. This, however, is
not the average case, as, the average height figure at the present
time to be about equal in development.
FIGURE V
10-'
(15)
SUMMARY
A. Austrian pine
1. The Austrian pine which was pruned to six inches and
planted by the center hole method has at present the largest top-
root ratio as compared to the other plots.
2. The Austrian pine planted by the slit method is much more
balanced with regard to top-root ratio than that planted by the
center hole method.
3. The tops show greater response when planted by the center
hole method.
4. In the unpruned stock the average height of the seedlings
is greater than in any of the pruned stock.
B. Western Yellow pine
1. The stock planted by the center hole method shows the
largest average height growth in inches.
2. The top-root ratio is the largest when planted by the
center hole method.
3. The unpruned stock show height growth, but at the same
time top-root ratios are not consistent in any form to draw upon a
conclusion.
4. The trees which were pruned to six inches show a better
development in roots and greater height growth as compared to those
which were pruned to four inches.
(16)
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A STUDY OF NATURAL REGENERATION
Introduction
The design of this study is being carried out at Stinchfield
Woods, a property, of the University of Michigan. It is here, that
ten Reproduction Plots have been established at various strategic
points throughout the property. Each plot is 16.5 by 16.5 feet
square and marked at each corner by 2 by 2 inch square stakes.
Since the fall of 1937, it has been the purpose of this
study to mark each and every individual seedling within these plots
with a numbered metal tag. All new seedlings are likewise tagged
from year to year and those seedlings which did not survive through-
out the year have their tags removed. In all cases, the seedlings
are recorded according to species and their total height in inches
above the ground line. The newly established seedlings are tagged
and recorded in the same manner and note made by number of those
which did not survive.
Location of Plots
It was found necessary this year to relocate and to reestab-
lish each plot accurately. So, the following diagrams show the
location of each plot with respect to their Lot numbers.
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Discussion of Natural Regeneration
Averell (1) has found that the factors affecting reproduction
are:
1. Seed supply - Seed supply depends chiefly on seed production,
seed dissemination, insect damage, and rodent activity.
2. Seed germination - Seed that is overlooked by insects and
rodents constitutes the small percentage of the original crop which
(2)
may germinate. Leaf litter is probably the most important factor
influencing germination. It serves as a cover which keeps moisture
and temperature conditions favorable.
3. Soil - Soil influences reproduction, in a way, by determining
which species can grow on an area and how large and fast they will
develop.
4. Climate - The temperature varies from.the normal very little
so that it may be disregarded in comparing reproduction resulting
from cuttings. However, precipitation varies sufficiently to have
a great influence on the survival of young plants. When the precip-
itation falls below the normal and stays below it during all the
growing season the effect on young reproduction is certain to be
detrimental.
5. Shrub Competition - Woody shrubs are a cause for the failure
of desirable reproduction to survive on certain areas. According to
Averell, "Shrub competition lasts for a longer period on the good
sites than on poor sites."
6. Rabbit Injury - Rabbit work consists of biting off the most
vigorous stems and twigs, usually including the leader, and of eat-
ing the buds and tender tips. This seems to be their chief source
of food during the winter and early spring.
7. Slash
The practial value of stored seed in the forest floor for
restocking areas depends on the condition in which the forest floor
is left after a cutting. The duff should not be burned or mostly
all of the seed is destroyed. In order to avoid the destruction of
the duff, one should pile the slash and burn the slash, so that, the
fire will not spread over the entire surface of the ground. "This
method has proved satisfactory in the White pine region of Idaho,
(3)
where piling of slash is feasible. In the Douglas Fir region of the
coast the piling of slash would-not be practicable because of the
.large amount of debris and the consequent cost. The large percentage
of the surface which would necessarily be burned over even by pile
burning would reduce the value of the operation for conserving
seed stored in the duff, which is usually all destroyed by broad-
cast burning of slash." (3)
The accumulation of seed in the forest floor is no longer a
theory, but has found to be an actual condition by an analysis of
the duff. Of course, the age of these seeds can not be determined,
and the depth to which they are buried should not be taken as an
index as to how long they have been there. Very probably the great-
est factor in storing seed is rodent activity, by which seeds are
buried at various depths and forgotten.
The accumulation of seed over a period of years can prove
advantageous only if the stored retains its viability. With regard
to this, each species possesses a dormancy habit of its own, and
these habits have been growing more familiar to the forester through
nursery observation and experiment. " In the Wind River Nursery
seed bed, germination of Douglas Fir has been continued through
three seasons. Western White pine has often produced better germin-
ation during the second season after sowing, even under the best
germination conditions." (3) With conditions such as these obtained
in regular nursery practice, it is not at all surprising that ger-
mination could be delayed under the forest cover. The cool layers
of leaf mold and duff of the forest floor constitute an ideal nat-
ural storage medium.
The establishment of a forest by means of wind disseminated
seed is a slow process. With only this means of regeneration practi-
(4)
cally all large areas would be denuded areas or would have but a
few scattered trees. This would inevitably produce an uneven-aged
and irregular forest; although the stands which follow most burns
are even-aged. " When a forest is destroyed by fire or a cutting
and is replaced over large areas, the succession depends upon the
seed produced at the time of or before the destruction of the forest
and the ability of the seed to retain its viability through the
period of destruction, whether by fire or cutting. This type of
reproduction replaces a forest almost immediately by the same spec-
ies which comprised the original stand and usually in the same pro-
portions." ( )
Since the seed must be produced by the stand before it is
destroyed, the age at which different species begin to produce seed
is very important. It varies greatly and this variation alone is
often the controlling factor in determining the composition of the
second growth stands.
(5)
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